The difference in distribution volumes of T-1S24 and Cr 51 labelled red cells is fully realized within 30 sec. after their simultaneous intravenous injection in the dog. This indicates the existence of a rapidly circulating extra vascular protein pool.
T tll.i apparent volume of distribution in vivo of substances associated with the plasma proteins is greater than that of substances labelling the red cells. 1 " 12 One explanation of this phenomenon, which has evidently received little attention, assumes that the plasma proteins are actually capable of crossing the capillary membrane in significant quantity, so that their volume of distribution, is, in fact, greater than that of the red cells. The failure of the plasma proteins to develop their full osmotic pressure against the capillary wall, 13 the finding of labelled proteins in the thoracic duet after their intravenous injection, 14 ' 16 and the regular finding of measurable (and in some cases large) quantities of protein in lymph and edema fluid 17 ' 19 may all be cited in evidence of the existence of a space for the plasma proteins which is ordinarily closed to the erythrocyte.
This study was an attempt to measure the rate at which labelled proteins moved from their presumed first volume of distribution (that available to the erythrocyte), to their second volume of distribution (that represented by the plasma protein moiety found in extravascular loci). This transfer presumably occurs across the capillary endothelium; it was hoped that the application of equations previously developed 20 would serve to describe the permeability of the capillary endothelium to protein.
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METHODS
Nine technically successful experiments were carried out in dogs anesthetized with 30 nig./Kg. sodium pcntobarbital given by the intravenous route. Cells were labelled with Cr 51 (Kaehromate-Abbott) by the method of Huff and Feller. 21 The plasma proteins were labelled by the blue dye T-1824.
The chromium labelled cells and T-1S24 were injected together through a thin walled no. 17 needle in a 40-50 ml. volume containing 25-35 pc. chromium and 100 mg. of T-1S24. The injection was ordinarily made in 3-5 sec; arterial blood sampling was begun immediately via an indwelling femoral arterial needle. Samples were collected at 2 sec. intervals for 70-SO sec. employing a sample collector. 22 One-half or one milliliter samples of whole blood were taken for analysis of Cr 51 . The blood was pipetted into uniform stoppered vials and counted with a scintillation detector and autoscaler. Upon completion of the count, 4.0 ml. of isotonic saline was added to each blood sample, the supernatant centrifuged and the color read at 620 ft in a Beckman DU spectrophotometer.
Standard solutions of chromium were prepared from the material injected, appropriately diluted. The same solution was used for the Evans Blue standard. However, in making up the Evans Blue standard, blank blood from the experimental animal was substituted for the diluting saline in a quantity equal to that taken for the analysis of the samples. This served to control both the color effect of the plasma proteins upon the dye and the volume effect of the erythrocytes. No hematocrit determinations are necessary when this procedure is employed; the potential error inherent in the estimation of "trapped plasma" is thereby avoided.
RESULTS
The results in all nine experiments were remarkably similar. One experiment is represented graphically in figure 1. The first point represented is arbitrarily taken as the point of peak concentration immediately after injection. Note that the two curves are essentially coincident during the first 18 sec. Since the blood appearing in the artery has been through the right heart, the pulmonary bed, the left heart and the length of the aorta, but, for the most part, has not passed through systemic capillaries it is clear that no major separation process of cells and plasma occurs up to the level of the systemic capillaries.
However, with the appearance of "recirculation," presumably representing blood which has been through a systemic capillary bed, the curves diverge immediately, and to their maximum extent. The divergence is considerable amounting to almost 275 ml. and shows no tendency whatsoever to increase with time, at least up to 80 sec. Figure 2 shows the results in all experiments. For convenience, the Cr 61 volume is considered to be 1, and the T-1824 volumes are expressed as a ratio to the Cr 61 volumes. Each value for T-1824 volume represents the mean of 45 volume comparisons consisting of five comparisons in each of 9 dogs in the preceding 10 sec. period. The standard deviations are indicated.
Again it is seen that the T-1824 space, at first not significantly different from the chromium 51 space, quickly assumes a stable value much greater than the chromium space. In 20 sec, the ratio between the two volumes of distribution has become 1.22, and this value is maintained for at least 80 sec. There is no sign of gradual movement of the dye out of its initial volume.
DISCUSSION
These results were unexpected. Interpreted in the light of our original hypothesis, they must be taken to signify that the equilibrium between the plasma proteins confined by endothelium and those which are extravascular occurs so rapidly that the two compartments can hardly be considered as separate. This is as much as to say that the capillary endothelium does not act as a barrier at all, at least to some of the proteins which are labelled by T-1824.
We find it difficult to accept other explanations for the observed phenomenon. The two most obvious explanations are: 1. A portion of the administered T-1824 or T-1824 labelled proteins is quickly removed from the circulation by the reticuloendothelial system. 23 For this explanation to fit the observed data, the double assumption must be made that the removal mechanism must be immediately saturated in all parts of the body with the first passage of dye through them, regardless of the volume flow through them, and that the removal mechanism always accepts and is saturated by a fixed percentage of the administered dose of dye. It hardly seems likely that these assumptions are correct. 2. A low "dynamic hematocrit" in the minute vessels in effect confines the red cells to a volume smaller than that bounded by endothelium. 24 - 26 We also find this explanation difficult to accept: If such a low dynamic hematocrit in the minute vessels is to account for a falsely low distribution volume of cells, it would be necessary to assume either that the volume of the minute vessels was quite large or that their dynamic hematocrit was exceedingly small. Using the values given by several authors 27 " 29 for minute vessel volumes, we V1DT AND SAPI.RSTE1N 131 find the 15-20 per cent discrepancy between corpuscular and protein spaces requires that the minute vessels be quite devoid of cells. It is impossible to believe this after the most casual microscopic examination of blood flow in capillary networks. It may be noted also that the existence of an axial streaming effect on minute vessel hernatocrit would depend entirely on the existence of flow in the minute vessels. Yet, remarkably, minute vessel hematocrit in most organs is unusually small in organs in which the dynamic situation cannot exist (e.g., in animals killed with Nembutal), 27 just as it is in those in which a sudden arrest of the circulation is induced by freezing 30 or vascular ligation. 25 This fact, which has not been emphasized before, makes it difficult to believe in the existence of a dynamic separation of corpuscles and plasma of any significance, although it is perfectly consistent with the concept of an cxtravascular compartment which is available to the plasma proteins or some portion of them.
We propose, therefore, that a certain proportion of the plasma proteins which are labelled with T-1824 escapes so rapidly through the boundary (presumably capillary endothelium) which confines the red cells that this boundary cannot be considered to restrict its movement. Since this boundary confines a time-independent volume of distribution, it must also be postulated that the return of labelled protein to the circulation is as rapid as its escape; in other words that there is a true extravascular circulation in bulk of a portion of the plasma which contains protein as well as of a portion which contains the thiocyanate and other ions as has been previously suggested. 31
SUMMARY
When T-1824 and Cr 51 labelled red cells are injected together intravenously the volume of distribution of the dye exceeds that of the cells within a circulation time. Both volumes now remain stable for at least 80 sec. This is interpreted to indicate that some of the plasma proteins labelled by T-1824 have an extravascular circulation in bulk. ACKNOWLEDGMENT The valuable assistance of Francesco Arcidiacono and Gordon Hanusek is gratefully acknowledged.
SlIMMAKIO IX LVTEKLLN'CJUA
Quando T-1S24 e erythrocytos marcate per Cr 61 es injicite insimul per via intravenose, le volumine de distribution del colorante excede illo del circulation intra un tempore de circulation. Postea ambe volumines remane stabile durante al minus SO secundas. Iste constatation es interpretate como indication que un parte del proteinas plasmatic que es marcate per T-1824 ha un circulation extravascular in massa.
